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The experimental investigation of prurigo aestivalis, eczema solare and urti-
caria photogenica has dealt chiefly with the physical aspects of light sensitivity
and with metabolic changes. The allergic viewpoint has been stressed by only
a few authors, namely, Duke, Jausion and Pages, Bernstein, and Sellei, under
the terms "physical allergy," "photoallergoses" or "allergic light dermatoses."
As yet little is definitely known about the photosensitizing substances which
may be concerned in an allergic mechanism for production of light sensitization
dermatoses. In the case of prurigo aestivalis particularly, one must depend
on circumstantial evidence, so to speak, in an effort to establish its allergic rela-
tionship. I shall attempt this task through an analysis of the experimental and
clinical findings of light hypersensitivity in this condition.
In order to review briefly the rather new concepts of photosensitivity, I shall
first define terms and discuss fundamental aspects of the problem. The photo-
allergic explanation of these phenomena will follow this discussion.
It is generally agreed that there must be photosensitizing substances present
in the skin of patients with photodermatoses, although they have not yet been
identified. The disputed question is how these hypothetical substances act.
The symptoms of hypersensitivity can be classified as toxic effects in the widest
sense of the word; but there are several mechanisms of toxic action. The study
of allergy has resulted in a profound change in the conceptions of toxicology.
Relatively few years ago pharmacologists (Meyer and Gottlieb) spoke of the
"hayfever-poison," and would include it in the system of poisons. Allergy
distinguishes between pharmacological action (primary toxicity) and specific
sensitization. The two mechanisms are basically different and have to be dis-
tinguished for the theoretical understanding. In reality, they are frequently
combined. It should be understood that substances cannot be generally divided
into poisons and allergens; it is the way in which they act as primary toxins in
one case, and as allergens in the other. The double role which drugs like arseni-
cals, sulfonamides, play in this respect, is well known (Sulzberger, Brunsting).
PHOTOTOXIC REACTION CONTRASTED WITH PHOTOALLERGIC SENSITIVITY
Applying these principles to photosensitivity, one may distinguish between
those conditions which are primary and based on pharmacologic effects and
'From the Marshfield Clinic, Marshfield, Wis.
I wish to express my thanks to Dr. Louis Brunsting for his valuable advice and assistance
in the preparation of this paper. This paper is the last part of the series. The previous
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those in which an allergic mechanism can be demonstrated.2 I propose the term
"phototoxicity" for the primary, non-allergic photosensitivity, and "phototoxic
reaction" for the effect produced by this mechanism. Phototoxic reactions apply
indiscriminately to all individuals; they vary quantitatively in direct proportion
to dosage. The best known examples are photodynamic action, the sunburn
reaction and the primary sulfanilamide response. We shall not discuss them
here; they have been thoroughly dealt with recently by Blum (a), and reviewed
by Stokes and Beerman.
Abnormal human sensitivity to light has been usually considered as a photo -
toxic phenomenon. The general opinion has been that conditions like hydroa
vacciniforme and prurigo aestivalis were manifestations of photodynamic action
of porphyrins or other light sensitizers.3
There is evidence that phototoxic phenomena play a role in light sensitization
dermatoses such as Freund's berlocque dermatitis, and some cases of Oppen-
heim's dermatitis bullosa striata pratensis (Kuske). Whether phototoxic proc-
esses are concerned in the pathogenesis of urticaria photogenica, eczema solare
and prurigo aestivalis, has not yet been demonstrated. Urticaria photogenica
is certainly not an example of photodynamic action (Blum (a)); this is all that
is known about its mechanism. The increased sunburn-like reaction observed
in some cases of eczema solare, prurigo aestivalis and hydroa vacciniformis may
well be a phototoxic phenomenon, although this assumption has not yet been
proved. We have as yet not the slightest evidence to allow an explanation of
prurigo aestivalis on a phototoxic base. There is no counterpart in all photo-
toxic experiences to the clinical lesions, the incubation period and the phe-
2 This differentiation is appropriate for our discussion, although it does not cover all
forms of light sensitivity. It might be more appropriate to distinguish generally between
2 principles:
1. Primary or direct photosensitivity where probably a photochemical reaction is the
chief factor, as in photodynamic action, sunburn reaction, primary sulfanilamide response,
etc.
2. Secondary or indirect photosensitivity where some other factors besides the photo-
chemical reaction play a determining role, as in photoallergy, phototraumatism, and other
phenomena (Eidinow, Epstein and Jessner.)
3 Ehrmann first thought of an etiological connection between hydroa vacciniformis and
the porphyrins, the photosensitizing action of which had been demonstrated experimentally
by Hausmann and by Meyer-Betz. This theory has been widely accepted, but is not
supported by the facts. Hypersensitivity to light and porphyrinuria may occur simul-
taneously and in the same patient, but there is not enough evidence to assume that one
phenomenon is directly dependent on the other (Brunsting, Brugsch and O'Leary). The
porphyrin question cannot be discussed here further; those interested are referred again to
Blum's (a) book. The question whether the porphyrins may play a role other than on
account of their photodynamic action has not been discussed yet. Such an assumption
does not seem to be mere speculation. Blum and Pace, studying local sensitization of the
shin to hematoporphyrin, observed the same photodynamic reaction in all instances; one
test person, however, developed vesicles on all four injected sites several months later
upon re-exposure to sun. It is possible that this was a photoallergic reaction to
heniatoporphyrin.
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nomenon of desensitization as observed in prurigo aestivalis. The provocation
of prurigo lesions by radiation other than light, such as alpha rays, cannot be
explained with phototoxic mechanisms. These difficulties lead to a considera-
tion of our problem from a different viewpoint.
The second form of light sensitivity, the allergic photosensitivity has been
termed "photoallergy". The photoallergic concept is old; its experimental and
clinical proof but recent. A photoallergic phenomenon of the inflammatory
urticarial type has been demonstrated with sulfanilamide, both experimentally and
clinically.4 Cases of photodermatitis corresponding to contact dermatitis have
been reported by Jausion and Pages. I have seen some myself. That such a
photodermatitis may actually be based on a photoallergic mechanism seems to
be proved by Sams. Experimenting with the oil of Persian lime, he became
allergically sensitized5 and later developed dermatitis of the contact type follow-
ing application of the oil and exposure to the sun.6
After the dermatitis had entirely subsided, Sams noted recurrences on three
different occasions following exposure to the sun's rays. The recurrence always
took place in those areas which had suffered the most severe dermatitis.
PHOTOALLERGIC CONCEPT OF PRTJRIGO AESTIVALIS
In the interpretation of the mechanism of allergic phenomena in general it is
assumed that a union of antigen and antibody must occur in order to provoke a
reaction. The way in which these factors are thought to act in the photoallergic
concept of diseases caused by light is as follows: In the skin of the photoallergic
person the antigen is created by the influence of irradiation on a precursor sub-
This drug is also a phototoxic substance. Injected in proper concentration and ir-
radiated by a sufficient amount of ultraviolet, it produces—without an incubation period—
a primary toxic reaction, manifested by an increased sunburn reaction in all individuals.
The same drug acted as a photoallergen in several instances (Blum (b), Burckhart, Epstein
(c)); Between the 7th and the 10th day after the injection and irradiation of the injected
area, an urticarial-inflammatory lesion developed, entirely different from that seen in the
primary phototoxic reaction. Once allergic, these persons responded later on always in
the same way. Whether it is a mere coincidence that sulfanilamide exhibits a phototoxic
and photoallergic action, or whether this has special significance, cannot be decided. In
view of the fact that drugs—most of which have to be classified as poisons—act so often as
allergens, I would not be surprised if phototoxic substances would be more prone to become
photoallergens than other compounds; however sulfonamides without phototoxic effect
have also been demonstrated as photoallergens (Burckhardt).
'Sams studied the photosensitizing action of the oil of Persian lime which produces
clinical symptoms corresponding to dermatitis due to bergamot oil. Application of the
oil from the rind, followed by exposure to sun, produced a reaction consisting of erythema
with subsequent pigmentation and depigmentation in all patients. In one out of the
several test persons, namely himself, a delayed reaction of the urticarial type appeared
seven days after exposure and persisted for one week. He was able to repeat it; this time
a similar inflammatory urticarial reaction of increasing severity appeared within less than
12 hours. This secondary reaction observed by Sams had all the earmarks of an allergic
phenomenon and is, therefore, a photoallergic reaction.
6 Personal communication.
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stance, or proantigen, which is present. This antigen may be fixed or circulating.
By themselves, neither proantigen nor antigen are capable of provoking a visible
reaction, thus:
Proantigen + Light — Antigen (no visible reaction)
TABLE 1
Reactions observed in passive transfer of sensitivity to tight in cases of prurigo aestivalis
I
OBSERVATIONS ON TEST PERSONSI
II
TUEORETICAL EXPLANATION OP THE MECHANISM
a
Presence of
antibodies
at site of
before irra-
diation :
b
Mechanism of transformation of Interpretatio of end result
A. Case 15. Appear-
ance of urticarial
lesions within 7—15
hours at the test
site
+ 1. Transformation of
proantigen into
antigen
2. Antigen and anti-
bodies react
Passive transfer: IJrti-
carical effect at test
site after "reaction
time"
B. Case 15. Irradiation
of one site leads
to urticaria at a
remote non irra-
diated site 8 hours
after appearance
of reaction on the
test site (A)
+ 1. Antigen from irradi-
ated test site (A)
enters the circula-
tion
2. Circulating antigen
reacts with anti-
bodies at the
remote site
Late appearance of
urticarial effect at
remote site
C. Case 5. Appearance
of prurigo after 9
days at the test site
— 1. Transformation of
proantigen into
antigen
2. Antibodies develop at
test site
3. Remaining antigen
reacts with anti-
bodiest
Sensitization of test
site. Prurigo effect
appears here after
full incubation period
* Theoretically 4 possibilities exist: The serum used for passive transfer may contain
1) proantigen 2) antibodies 3) both or 4) neither one. In all instances of positive results
the serum must contain proantigen.-
f The test person in this instance was an "allergic" individual, who apparently could
be easily sensitized.
For details see part III of these papers.
Certain individuals possess the capacity to produce antibodies to such an
antigen during the course of a suitable incubation period. These antibodies may
be fixed or circulating. By themselves the antibodies can provoke no visible
reaction. Neither can they combine with proantigen to produce such an effect,
thus:
Proantigen + Antibodies —p No reaction
TABLE 2
Reactions observed in cases of prurigo aestivalis irradiated by light (author and others)
I
OBSEEVATIONS ON TEE PATIENTS
II
TBEORXTICAL EXPLANATION OP THE MECHANISM
a
Presence of
irradiation
b
Mechanisn r,Sf0r Interpretatio of end-result
A. Irradiation of previ-
ously diseased skin:
a. Local provocation
of prurigo within
a few hours,
+ 1. Transformation of
proantigen into
antigen
2. Antigen reacts with
antibodies
Skinatthissite sensitized.
Eruption appears after
reaction time
b. Provocation of
prurigo on other
previously dis-
eased or tested,
but not irradiated
parts
+ 1. Antigen from irradi-
ated site enters the
circulation
2. Circulating antigen
reacts with anti-
bodies
Skin at remote site sensi-
tized. Eruption ap-
pears here later than
on irradiated part
c. No prurigo. erup-
tion on previously
not diseased parts.
— 1. Antigen from irradi-
ated site enters the
circulation
Test site not sensitized.
No eruption appears
here, as there are no
antibodies to react
with the antigen
B. Irradiation of normal
skin, previously not
diseased:
a. No eruption on ir-
radiated part:
— 1. Transformation of
proantigen into
antigen
Test site not sensitized.
No eruption appears,
as there are no anti-
bodies to react with
the antigen
b. Prurigo eruption
after 5 to 9 days:
— 1. Transformation of
proantigen into
antigen
2. Local antibodies
develop
3. Antigen reacts with
antibodies
Test site becomes sensi-
tized following irradi-
ation. Eruption ap-
pears at the end of the
incubation period
c. Prurigo eruption
after 2 to 4 days:
1. Transformation of
proantigen into
antigen
2. Increase of local anti-
bodies until suffi-
cient level is
reached
3. Antigen reacts with
antibodies
Test site only partially
sensitized at time of
irradiation. Full sen-
sitization reached with-
in a few days after
irradiation; therefore
appearance of eruption
after shortened incuba-
tion time
d. Prurigo eruption
at previously dis-
eased, but not
irradiated site:
+ 1. Antigen from irradi-
ated site enters the
circulation
2. Circulating antigen
reacts with
antibodies
Test site sensitized; erup-
tion appears after short
reaction time
* For details see part II of these papers, this journal, Vol. 5, page 225—241.
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In the sensitized individual, the union of antibodies and antigen (the converted
proantigen) provokes a visible effect in the form of a wheal or an inflammatory
reaction, thus:
Proantigen + Light + Antibodies — Visible reaction
Once this mechanism has been established, the time that is required to provoke
subsequent reactions of a similar nature becomes progressively shortened. This
interval is called the reaction time (Sulzberger) to distinguish it from the true
incubation period.
Under certain conditions when the skin is sensitized, the irradiation of a cir-
cumscribed area may provoke a visible reaction, not only at the local site but
also at a region remote from the point of exposure. This effect results from the
union of circulating antigen, released from the irradiated site, with fixed anti-
bodies at the remote site.
In the Prausnitz-Kustner phenomenon of passive transfer, antibodies from
the patient's serum are transmitted to the test person. The positive reaction is
elicited by subsequent injection of the antigen into the prepared site of the
recipient.
The mechanism of passive transfer in the photoallergic condition is the same
in principle. The antibodies are transmitted with the donors serum. Yet there
is this difference: The antigen is not injected, but must be produced at the recipi-
ents site by the action of light upon the proantigen; the latter must have been
transmitted with the donors serum.
An explantaion of the results of passive transfer and light tests in cases of
prurigo aestivalis based on these principles is presented in tables 1 and 2.
DISCUSSION
It is clear that the phenomena in prurigo aestivalis follow an allergic pattern.
The explanation is based entirely on assumptions which have been proven in the
experimental study of allergy. It is fully realized that the allergic mechanism
is more complicated than the scheme elaborated in tables 1 and 2 would indicate.
The allergic viewpoint in prurigo aestivalis is furthermore supported by the
observation of alternating phases of sensitization and desensitization. Hypo-
sensitivity after an attack, as reported in case 5, suggests an exhaustion of anti-
bodies. Such an assumption is supported by experimental evidence. Sellei and
Liebner (case 2) observed a patient with prurigo aestivalis where irradiation of a
previously diseased area did not provoke an eruption at the tested site, but only
on remote, non irradiated formerly diseased parts. Blum (a) reported a similar
experience in hydroa vacciniformis. We may assume in these instances an ex-
haustion of antibodies at the exposed parts; this prevented a reaction at this site
in spite of the presence of transformed proantigen (antigen). At the remote site
where antibodies were not exhausted, the circulating antigen from the irradiated
part produced a clear cut reaction.
It is quite probable that processes other than allergic phenomena, such as alter-
ations of the skin, contribute to changes in local sensitivity, namely, thickening
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of the epithelium, increased pigmentation, and vascular changes which follow
sunburn irradiation. These factors influence the degree of absorption by the
skin and its general reactivity.
The provocation of prurigo lesions following exposure to irradiations such as
alpha, beta and gamma rays, presents no difficulties for the photoallergic expla-
nation. The production of prurigo lesions is not dependent on the direct action
of the radiation, but on its erythema producing (erythemic) effect. (See part
II.)
There is suggestive evidence that an allergic mechanism is concerned in the
production of lesions of eczema solare and urticaria photogenica on the basis of
clinical observation of cases and by analogy; but discussion of the subject in the
light of our present knowledge would be largely speculative.
CONCLUSIONS
As yet there is no comprehensive explanation of the mechanisms concerned in
conditions of photosensitivity in humans. The theory of primary photosensi-
tivity (here called phototoxicity) deals chiefly with the mechanisms of photody-
namic action and with the so-called sunburn effect; it fails to provide a means
of analysis of the following phenomena observed experimentally and clinically
in prurigo aestivalis:
a) Delayed reaction in light tests on the patients.
b) Reaction at sites remote from the irradiated part.
c) Provocation of prurigo lesions by radiation other than light, namely alpha
and gamma rays.
d) Passive transfer with delayed reaction.
Evidence is presented which indicates that another mechanism, photoallergy,
must be invoked in order to satisfactorily explain these phenomena.
SUMMARY
1. In abnormal human sensitivity to light one has to differentiate between pri-
mary photosensitivity (phototoxicity) and allergic photosensitivity (photoallergy).
2. The results of investigations of light sensitivity and passive transfer in
prurigo aestivalis from the experimental as well as from the clinical standpoint
can be satisfactorily explained by the assumption of a photoallergic mechanism,
but not on the basis of phototoxicity.
3. In presenting the concept of prurigo aestivalis as a photoallergic dermatosis,
it must be admitted that other factors besides sensitivity to light and allergy may
contribute to the pathogenesis of this disorder.
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